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Pulsars at VHE

i’g VERITAS > 120 GeV Aliu et al. 201 1, Science, 334, 69
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Pulsars at VHE

- 1
o The Crab wWas the ﬁrst E‘“‘ ......................................................................................................................................................
pulsar detected at 5. e oy
> 100 GeV ol % Gt ottt
® The Vela Pulsar has 107 ;— e B | :
now been detected up % ¢ e S
to 120 GeV e
Energy (MeV)
— 18 ]
® Emission mechanism? = :
(cf.A.Harding talk) % .| :
~ R
312} -
® What about other | :
pulsars!? 3 of
cf. Poster by Log[E(MeV)]

S. Bonnefoy on Geminga 4 Romani 1996



Aztronomy & Astrophy=ics manuzeript no. crabVHE @ESO 2015
October 27,2015

Teraelectronvolt pulsed emission from the Crab pulsar detected by
MAGIC
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® Thompson et al. 2004
e ~1500 photons > 10 GeV L

® |87 within | deg. of a source

® 37/ from 5 gamma-ray pulsars: Geminga vela

® Crab: 10 (7 in peaks) Pl kT
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® Geminga: |10 (5 in peaks)

0

Note: Equivalent numbers for LAT,
(7Yr, P8, Ideg): ~100,000 ph within | deg. of a pulsar:
2677,4299,and 1118 respectively from Crab,Vela, Geminga
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& Fermi LAT Catalog of Sources

Above 10 GeV (IFHL)

Ackermann et al.,Ap]S, 209, 34 (201 3)

2 10 20 50 100 200
Counts per (0.5 deg)?
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® 36 Months, P7V6 Clean, E>10 GeV

® | ocations, spectra, variability, associations
® 5|4 sources

® 393 (76%) associated with AGN

® 65 (13%) unassociated

® 27 (5%) associated with pulsars -> how many
identified (HPSR)?

® Ackerman et al,, ApJS 209, 34 (Dec 201 3)
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Pulsar associations in | FHL

® 27 IFHL sources associated with pulsars

® 25 associated with 2PC pulsars
(all except J2339-0533 and |1536-4948)

® 5 EGRET pulsars

® / young (non-recycled) radio-selected
® |0 young gamma-selected
® 3 gamma-ray MSPs
Q: Does the > 10 GeV emission come from the pulsar?

A:Test for pulsations using prior low-energy information
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FHL gamma-ray pulsars (HPSR)GY

1FHL PSR P l b njo Pio nay Pos Ref.
[ms]  [deg]  [deg]

J0007.3+7303 J0O0074+7303% 316 119.7 4105 179 <2x1077 20 1.7x107° 1, 2, 3]
J0205.746448 J0205+46449 65.7 130.7  +3.1 38 >0.05 12 > 0.05 4]
J0534.5+2201  J053442200"% 336 1846 58 674  63x107° 191  24x1072 Crab [5, 6, 7]
J0614.0-3325 J0614-3329  3.15 2405 -21.8 26 < 2x107° 3 2.0x1072 8]
J0633.9+1746  JO06334+1746% 237 1951 443 260 <2x107° 11 14x107°  Geminga [9]
J0835.3-4510  JO835-45107# 894 263.6 2.8 1005 <2x107? 56 <2x107?  Vela [10, 11]
J1022.6-5745 J1023-5746 112 2842 04 152 >005 46 > 0.05 [12]
J1028.4-5819  J1028-5819% 914 2851 0.5 164 <2x107? 41  4.0x107? [13]
J1048.4-5832 J1048-5832 124 2874 406 85  9.7x107° 22 2.1x107? [14]
J1112.5-6105 J1112-6103 65.0 2912 0.5 112 >0.05 28 > 0.05

J1231.2-1414 J1231-1411 3.68 2055 4484 15  53x1077 4 > 0.05 8]
J1413.4-6205 J1413-6205 110 3124 0.7 278  44x107* 64  1.5x1072 [12]
J1418.6-6059 J1418-6058 111 3133 401 324 >005 72 > 0.05 2]
J1420.1-6047 J1420-6048 68.2 3135 4+0.2 278 >0.05 65 > 0.05 [15]
J1514.3-4945 J1514-4946 3.58 3252  4+6.8 24 1.7x107° 3 > 0.05 [16]
J1536.4-4951 J1536-4948 3.08 3282 448 ... Not in 2PC
J1620.7-4928 J1620-4927 172 3339 404 297  94x107* 77 > 0.05 [17]
J1709.7-4429 J1709-4429% 103 3431 27 272 <2x107? 25 > 0.05 [18]
J1809.8-2329 J1809-2332 147 74 20 119 <2x1077 18 4.3x107? 2]
J1836.4+5925  J1836+4+5925 173 889 425.0 36  1.0x10~* 2 1.0x1072* 2, 19]
J1907.740600  J1907+0602% 107 402 09 158  23x107* 36 > 0.05 2, 20, 21]
J1953.3+3251 J195243252 39.5 688 428 48  1.2x107° 7 > 0.05 [18]
J1958.6+2845 J19584-2846 200 659 04 64 1.0x1072 11 > 0.05 2]
J2021.0+3651  J202143651#% 104 752 401 107 <2x107? 20 7.6x107? 21, 22, 23]
J2032.14+4125  J2032+4127# 143 802 +1.0 210 56x107% 54 > 0.05 2, 24]
J2229.0+6114  J22294+6114% 516 106.7  +3.0 8 <2x107" 14 6.1x107° [14, 25]
J2339.8-0530 J2339-0533 288 811 624 Not in 2PC




Non-pulsing pulsar in | FHL

2FHL J1419.3-6047e (PSR J1420-6048)
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Fermi-LAT Collaboration 2015

3 cf. Jeremy Perkins talk



Pulsars above 25 GeV

Table 11
Fermi-LAT y-Ray Pulsars Detected above 25 GeV

PSR Emax [ detected D nax Notes
J0007+7303% 28 788 0.64

1053442200 1# 26 784 0.33 Crab
J0614-3329 63 63.6 0.68

J0633+1746" 33 52.7 0.05 Geminga
J10835-45101# 37 752 0.28 Vela
J1028-5819 27 386 0.49

J1048-5832 35 201 0.28

J1413-6205 29 331 0.28

J1809-2332 26 159 0.07

J1836+5925 26 97.9 0.05

J1954+2836 62 95.7 0.57

J2021+3651% 26 113 0.64

J2229+6114% 31 169 0.17




PSR ]0614-3329

'”'«..Earl)' PSC discovery
(Ransom et al. 201 I)

Very bright (EGRET source)
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1% A closer look at |0614-3329

J0614-3329

3-yr dalta set
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63 GeV pulsations!?

63.8 GeV event

63.8 GeV event Preliminar)’
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What next with the LAT?

Data span

LAT IRFs
# Pulsars
investigated
Dedicated PWN
treatment

Lower Energy
Template

3 years

Pass 7

39

No

>100 MeV

7 years

Pass 8

~160

Yes

>100 MeV, >1
GeV, Other (TBD)




dN/dE TS vs Energy
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Search for the highest pulsations from

0614-3329
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” Follow-up TeV observations are key!

~




Summary

.F_“erml has greatly improved our knowledge of gamm-
rays sources in the 100 MeV-100 GeV energy range

28 (12) LAT pulsars were shown to emit pulsations at
>10 (25) GeV, based on 3 years of data

Recent improvements in LAT reconstruction (Pass 8)
and the addition of more than twice the amount of
data are improving these results significantly

PSR J0614-3329 is a promising VHE pulsar candidate

Ground-based instruments (HESS, MAGIC,VERITAS,
HAWC, CTA) are needed to further investigate pulsar
emission above 100 GeV
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